various concentrations of plant extracts were loaded into the wells and incubated at 37°C for 24 h. DMSO was used as control (Vasavi et al., 2016) .
Determination of Minimal Inhibitory Concentration (MIC)
The MIC of the selected plant extracts (A. acuminata and M. roxburghianus Muell.) against P. aeruginosa PAO1 was fixed as per the Clinical and Laboratory Standards Institute (CLSI) standards. All the Anti-QS assays were performed with sub-MIC dose.
Anti QS activity against biomarker strain, C. violaceum
Violacein inhibition activity
For violacein inhibition assay, overnight C. violaceum was grown on treatment with sub-MIC of crude plant extracts at 30 °C for 24 h. After incubation, the insoluble violacein was precipitated by centrifuging the culture at 10,000 rpm for 10 min. The pellet was resuspended with DMSO and vortexed for 30 sec to solubilize the violacein. The solution was then recentrifuged (10,000 rpm, 10 min) and the violacein present in the supernatant were determined at 595 nm (D'Almeida et al., 2017).
Anti QS activity of plant extracts against P. aeruginosa PAO1
Pyocyanin inhibition activity
For pyocyanin inhibition assay, cell free supernatant was collected from P. aeruginosa PAO1 treated with sub-MIC of crude plant extracts. The supernatant was mixed with chloroform in the ratio of 3:2 and was left for phase separation. The pyocyanin from the organic phase was reextracted with 0.2 N HCl. The absorbance of the aqueous phase was measured at 520 nm (Luo et al., 2016) .
Elastolytic activity
The effect of crude plant extracts on elastolytic activity was determined according to Luo et al. (2016) . Briefly, cell free supernatant of overnight bacterial culture was mixed with Elastin Congo Red buffer (pH 7.5) in the ratio of 1:9 and incubated at 37 °C for 3 h with continuous shaking condition. After incubation, equal volume of sodium phosphate buffer (0.7 M, pH 6.0) was added and placed for 30 min in an ice water bath followed by recentrifugation (10,000 rpm, 10 min) to remove insoluble ECR. The optical density was determined at 495 nm.
Staphylolytic activity
The ability of P. aeruginosa PAO1 to lyse Staphylococcus aureus cells, Staphylolytic activity was performed. S. aureus, grown overnight was boiled (10 min) followed by centrifugation at13,000 rpm, 10 min. The obtained pellet was suspended in high salt buffer (pH 4.5) and to the suspension P. aeruginosa PAO1 cell free supernatant mixed in 1:9 ratio. The absorbance of mixed suspension was determined at 495 nm (Alasil et al., 2015).
Anti biofilm activity of plant extracts against P. aeruginosa PAO1
Exopolysaccharides (EPS) inhibition activity
For EPS inhibition activity, to the cell free supernatant ethanol was added and incubated at 4 °C for 24 h to precipitate the EPS. After incubation, the obtained EPS was resuspended in distilled water and quantified by phenol-sulfuric acid method as described by (Rasamiravaka et al., 2015) .
Alginate inhibition activity
Briefly, overnight P. aeruginosa PAO1 grown in presence of sub-MIC of plant extracts was mixed with NaCl (0.85%) and the mixture was centrifuged. To the supernatant, cetyl pyridinium chloride (2%) was added and precipitated (10,000 rpm, 20 min). The obtained pellet was dissolved in 1M NaCl, precipitated again with cold isopropanol, followed by recentrifugation. The pellet was resuspended in saline and stored at 4°C. To the suspension, 25mM sodium tetraborate solution was added followed by heating (100°C for 10 min), cooled at room temperature for 15 min. To the solution, carbazole solution (0.125%) was added and heated followed by cooling and the optical density was measured at 550 nm (Rasamiravaka et al., 2015) .
Biofilm formation activity
Anti-biofilm activity of plant extracts was determined according to Luciardi et al. (2016) . Briefly, P. aeruginosa in presence of crude plant extracts was grown for 16 h. The planktonic cells were carefully removed and rinsed with sterile phosphate buffer saline (PBS). The biofilms attached on the surface were stained with crystal violet (0.4%) for 10 min. After incubation, to the crystal violet bound biofilm, absolute ethanol was added and optical density was measured at 590 nm.
Microscopic observation of biofilm by confocal laser scanning microscopy (CLSM)
The effect of crude plant extracts on biofilm formation was analyzed by CLSM analysis as per the description given by Sethupathy et al. (2015) . For CLSM analysis, 24 h biofilms attached to microtiter plate stained with acridine orange for 10 min. After incubation, sterile PBS was used to remove excess stain and image of the biofilm was analyzed under microscope at 20X magnification.
Gas Chromatography-Mass Spectrometry (GC-MS) analysis
The phytochemical investigation of crude extract of two plants was determined using GC-MS analysis. The phytochemicals present in the spectrum was identified by NIST library database.
Molecular docking studies
The in silico analysis was carried out in Schrodinger maestro 9.2 to analyze the binding affinity of plant metabolites observed from GC-MS analysis towards LasR protein as compared to its autoinducer. The ligand binding domain of LasR protein (PDB ID: 2UV0) was obtained from Protein Data Bank. For LasR protein, grids were defined around the active aminoacid residues such as Tyr56, Trp60, Asp73, Thr75 and Ser129 where C12-HSL interacts with LasR protein (Kim et al., 2015). The ligand compounds were obtained from PubChem database and submitted for preparation in Ligprep module 2.5 in Schrodinger suite and the prepared protein and ligand were subjected for docking. The best posed ligand was selected based on hydrophobic and hydrogen bond interaction around the specified active site residues within the predefined grid box.
Statistical analysis
All the experimental data presented as mean ± standard deviation (SD) of three independent experiments. One-way analysis of variance (ANOVA) was performed to determine the significance between both the plant extracts in combating virulence. For statistical analysis, p<0.05 was considered as significant.
RESULTS

Screening of the plant extracts for anti-QS activity
Among the 25 plants screened with four different solvent system, methanolic extract of A. acuminata and ethanolic extract of M. roxburghianus Muell. were selected for further bioassays on the basis of zone of inhibition (S1).
Determination of MIC
The MIC for A. acuminata (methanol) and M. roxburghianus (ethanol) was found to be 1000 µg/mL and 750 µg/mL selected as the sub-MIC. All the bioassays were performed with sub-MIC dose.
Violacein inhibiton Assay
On treatment with sub-MIC dose of A. acuminata and M. roxburghianus Muell., the relative production of violacein was significantly reduced by 70.46±3.67 and 58.89±4.32% respectively as compared to control (Figure 1) .
Elastolytic activity
On treatment with sub-MIC concentration of A. acuminata and M. roxburghianus Muell., a significant decrease in the elastolytic activity of test organism, P. aeruginosa PAO1 was observed with a reduction of 59.85±1.82 and 51.65±3.88% respectively (Figure 2) .
Staphylolytic activity
On treatment with sub-MIC dose A. acuminata and M. roxburghianus Muell. a significant reduction in Staphylolytic activity was observed with a reduction of 39.67±3.06 and 32.39±2.23% respectively as compared to control (Figure 2 ).
Anti-biofilm activity of plant extracts EPS inhibition activity
A significant decrease in EPS production in P. aeruginosa PAO1 was observed on treatment with sub-MIC level of A. acuminata and M. roxburghianus Muell. with a reduction of 65.07±3.63 and 52.88±3.03% respectively as compared to control (Figure 3) . 
Alginate inhibition activity
At sub-MIC of 750 µg/mL, A. acuminata reduced the production of alginate by 69.31±2.93% as compared to 59.33±1.91% on treatment with crude extract of M. roxburghianus Muell. (Figure 3 ).
Biofilm formation activity
On treatment with sub-MIC level of A. acuminata and M. roxburghianus Muell., a significant decrease in the biofilm formation was observed with a reduction of 66.78±1.05 and 56.96±4.15% respectively (Figure 3) .
CLSM analysis of biofilm
The CLSM analysis confirmed the alteration of biofilm architecture on treatment with sub-MIC dose of A. acuminata and M. roxburghianus Muell. as compared to the control with larger aggregation of cells and thicker biofilm (Figure 4 ) . 
GC-MS analysis
From the GC-MS analysis, A. acuminata crude extract comprised of several phytochemicals of diverse chemical class such as phytol, N hexadecanoic acid, oleyl alcohol, squalene, α-tocopherol and betulin. Meanwhile, the presence of phytol, ethyl palmitate, squalene, α-tocopherol, dihydrostachysterol, betulin and sulfurous acid and 2-propyl tridecyl ester in the ethanolic extract of M. roxburghianus Muell. (Table1). 
Molecular docking studies
In silico analysis of the phytochemicals present in A. acuminata and M. roxburghianus Muell. revealed that phytol (a common phytochemical in both crude extracts) exhibited a docking score of -7.042 kcal/mol suggesting its affinity for LasR. In addition to phytol, sulfurous acid, 2-propyl tridecyl ester also showed promising affinity with a score of -6.669 kcal/mol ( Figure 5 , Table  2 ).
Figure 5
Docking studies: A & B. 2D and 3D docked conformation of C12-HSL into the active site of LasR; C. 3D docked conformation of C12-HSL into the active site of LasR depicting the H-bond interaction, D&E. 2D and 3D docked conformation of phytol into the active site of LasR, F. 3D docked conformation of phytol into the active site of LasR depicting the H-bond interaction, G&H. 2D and 3D docked conformation of sulfurous acid, 2-propyl tridecyl ester into the active site of LasR, I. 3D docked conformation of sulfurous acid, 2 -propyl tridecyl ester into the active site of LasR. Pyocyanin is a class of phenazine compound produced by P. aeruginosa, acts as one of the major virulence determinants and is responsible for ROS generation and acute cytotoxicity. A significant decrease in the production of pyocyanin was observed on treatment with sub-MIC of A. acuminata and M. roxburghianus which was comparatively better than earlier study (Chong et al., 2011) . In addition to pyocyanin production, sub-MIC dose of A. acuminata and M. roxburhianus Muell. also significantly modulated the elastolytic and Staphylolytic activity thereby suggesting the efficacy of test plant in modulating host immune system during host infection (Haripriyan et al.,2018). During the biofilm formation, EPS plays crucial role in constituting the biofilm matrix and alginate, an important member of EPS family is responsible for maintaining the biofilm integrity (Powell et al., 2018) . A significant reduction in EPS and alginate polysaccharides production was observed on treatment with plant extracts suggesting their role in disrupting biofilm dynamics and thereby enhancing the susceptibility of biofilm cells to the conventional antibiotics treatment (Harimawan and Ting, 2016). The biofilm disruption ability of crude plant extracts was further supported by CLSM analysis where the architecture of treated biofilm cells was significantly thinner as compared to thicker and highly compact biofilms in the untreated control.
The GC-MS analysis of the concentrated ethanol and methanol extract of the two plants resulted in the identification of an array of phytocompounds such as phytol, hexadecanoic acid, squalene, α-tocopherol, betulin etc. which have already been reported for a diverse range of pharmaceutical and biomedical applications. The promising anti QS and anti-biofilm activities of both the plant extracts is the result of synergistic activities of the phytochemicals present in the crude extracts thereby enhancing the activities. The presence of large quantity of phytol in both the crude extracts suggested their efficacy in attenuating P. aeruginosa PAO1 virulence and biofilm formation (Pejin et al., 2015) . The anti QS activity of plant extracts was validated by in silico analysis, which provide an insight into the QS inhibition by certain phytochemicals present in the crude extracts by competitive binding to LasR, transcriptional regulator for production of virulence phenotypes (Kim et al., 2015) . From the preliminary anti QS and anti-biofilm activity, it was observed that both A. acuminata and M. roxburghianus Muell. extracts significantly altered the QS regulated virulence in P. aeruginosa PAO1. The presence of phytoconstituents such as phytol, squalene, betulin, hexadecanoic acid and their synergistic activities were mainly responsible for significant modulation of QS regulated virulence phenotypes and biofilm architecture. In addition, in silico molecular docking studies further corroborated the binding affinity of the phytoconstituents to LasR and thereby altering bacterial virulence in P. aeruginosa PAO1. The present study thus provides promising alternatives to develop anti-pathogenic agents against QS associated bacterial infections.
CONCLUSION
Our findings feature the importance of these medicinal plants as a rich source of phytocompounds for inhibiting QS. Therefore, further investigation and evaluation for these metabolites and their mechanisms are still required. This study can be regarded as an initiatory step to overcome the current problems associated with drug therapy and provide encourage research for possible use of plant metabolites as anti-QS agents.
